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Abstract 
In the application of ground water source heat pump technology, energy saving considerations play an important role. 
The main objective of the present study is to investigate the performance characteristics of a groundwater heat pump 
system (GWHP) on the actual operation, using the energy and exergy analysis method. The system was installed in a 
apartment buildings of Wuhan, China. In the duration of one year, various operating parameters of the system were 
monitored and the coefficient of performance (COP) values of system and chiller is determined based on a series of 
measurements. The exergy transports and destruction between the components of the system are determined for the 
average measured parameters obtained from the experimental results. Inefficient facts are found out. Lower approach 
temperature is effective energy saving. In addition to the energy analysis, a full exergy analysis helps to identify the 
components where inefficiencies occur. 
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1. Introduction  
Groundwater is a very good heat source–sink for heat pumps. GWHP offer a new and clean way to 
provide heating and cooling for buildings [1]. GWHP can be the most economical type of ground-source 
heat pump system, but the application of GWHP is restricted by local groundwater conditions and 
regulations [2]. In China, there has been a rapid development of GWHP in the recent years, due to 
environment care and energy saving objectives [3][4][5]. 
Wuhan is located in hot summer and cold winter region in China. In Wuhan, the temperature of the 
groundwater is 18̚22°C. Because of the abundant source of ground water in Wuhan, GWHP is feasible 
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and more efficient to operate when compared to conventional manner. A GSHP survey of Wuhan shows 
that 20 GSHP systems had been installed in 2000 [6]. 
There are several studies characterizing the performance of GWHP [6][7][8] . However, there is no 
report about the long-term energy performance of GWHP operating in hot summer and cold winter climate 
region. 
The work we present in this article describes long-term energy performance studies of a GWHP system. 
This study also describes an exergy analysis to assess the system performance by calculating exergy 
transports and destruction. The centralize GWHP system had been installed in a apartment buildings in 
Wuhan. The systems had been fully monitored throughout one year. 
2. Analysis  methodology 
2.1 COP of the chillers 
sl
hp
hp
QCOP
W
                                                            (1) 
Where hpCOP  is the daily mean COP of the chillers (kWh/kWh) and hpW  is the daily mean power of 
operate time of the chillers (kW) 
2.2 COP of the system 
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Where sysCOP  is the mean overall COP of the system (kWh/kWh), pW  is total power of the pumps (kW) 
and fcW  is total power of the fan- coils (kW). 
2.3 Fluid exergy 
Ex mex                                                                     (3) 
0 0 0( )ex h h T s s                                                           (4) 
Where Ex  represents the exergy rate of the fluid kJ/s. m is the flow rate of the fluid kg/s,T0 is the 
environment temperature K. h and h0 are the enthalpy of environment and fluid kJ / kg. s and s0 is entropy 
of environment and fluid kJ/kg-k. 
2.4 Fluid exergy destruction  
in outEx Ex Ex'                                                             (5) 
Where Ex'  represents the exergy destruction of the fluid kJ/s. inEx  represents the exergy rate into the 
fluid kJ/s. outEx  represents the exergy rate out from fluid kJ/s. 
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2.5 Compressor exergy destruction  
( )comp hp in outEx W Ex Ex'                                                  (6) 
Where hp
W
represents the power rate of compressor. 
2.6 Compressor exergy efficiency  
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2.7 Heat exchanger exergy destruction  
ex h cEx Ex Ex'  ' '                                                            (8) 
Where hEx'   is the exergy destruction of the hot fluid of heat exchanger. cEx' is the exergy destruction 
of the cold fluid of heat exchanger. 
2.8 Heat exchanger exergy efficiency  
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2.9 System exergy efficiency  
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Where outEx is exergy rate into the system. wellwaterEx is exergy rate from groundwater. 
2.10  Adiabatic efficiency 
.
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Where .hp isentropicW  is adiabatic ideal power,kW. .hp actualW  is actual power, kW. 
3. System description  
The GWHP system mainly consists of three separate water loops: a) the groundwater loop (primary 
loops, between wells and plate heat exchangers); b) the plate heat exchangers loop (primary loops, between 
plate heat exchangers and chillers) and c) the fan-coil loop (secondary loops, between chillers and fan-
coils). In the GWHP system, three plate heat exchangers, which exchanged the heat between groundwater 
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and chillers, were added between the wells side and the chillers side to prevent the chillers from being 
corroded by groundwater. 
TABLE I.  THE WATER-TO-WATER CHILLER DESIGN PREFERMENT DATA OF DESIGN CONDITIONS 
 Capacity  (kW) Total power input (kW) COPC/ COPh
 a Evaporator water in/out (°C) Condenser water in/out  (°C)
Cooling  1046 191.5 5.46  12/7 20/34 
Heating  1142.1 260 4.39   15/6 40/45  
 
Figure 1.   Schematic diagram of the GWHP system  
The simplified system schematics of the GWHP are shown in Figure 1. There are 3 unit chiller plants 
with same capacity. The specifications of chillers are summarized in Table 1. The pumps are constant rate 
and are controlled manually. According to the design, the pump unit amount was corresponding to the 
chillers amount. Water valves are used to switch between heating and cooling modes by reversing the 
water flow direction of condenser and evaporator of chillers. In heating mode, the condenser was 
connected to load side, and the evaporator to plate heat exchanger side. In cooling mode, the connections 
were reversed. 
Load peak values in heating and cooling modes were designed as 2950 kW and 3687 kW, 
respectively. 
The groundwater for the system comes from eight wells around the buildings, 47m depth and 500 
mm diameter. In order to keep in balance the underground water system, three wells are used for 
withdrawing and the other five are used for injection. The distance between each two wells is about 
80~120m. The groundwater level was about 17.8 m~21m. Each well is equipped with one deep well 
pump. 
4. Measurement and data collection 
This present measurement was from June 2007 to February 2008. The parameters measured include 
temperature of the inlet/outlet water of chillers on the primary and the secondary side, rates of flow and 
electricity consumption of chillers and pumps. 
The flow rates were measured by supersonic flow meters. The electricity consumption of the pumps 
and chillers were measured separately by using watt meter and were recorded by direct reading every day. 
The temperatures were measured by thermocouples mounted on the water inlet and outlet lines. The 
temperatures were monitored and recorded in every two hour. 
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5. Results  
According the survey data, only one of the three chiller plants was operating in cooling season or 
heating season in turn and was adequacy to meet the loads of space heating and cooling all the time. The 
three chillers of the system were oversize for the buildings. During our survey period, there were mostly 
two of the three pumps groups operating in cooling season and one of the three pumps groups operating in 
heating season.. One pump group includes a secondary pump, a plate exchange pump and a well pump. 
The exergy analysis is calculated base on the data of the hottest and coldest months. 
5.1 Electrical consumption 
Table 2 presents month power consumption data of the system and each equipment. The COP of the 
chillers and the system are, 4.1 (cooling)/ 4.57 (heating) and 2.68 (cooling)/ 3.1 (heating), respectively. 
5.2 Parameter of exergy analysis 
The refrigerant R22 is used in the water-to-water chillers. The environment temperature is the average 
month temperature: 1.2ć of Jan 2008 and 29.5ć of Jul 2007. As showed in figures1 and table 3,4, the 
parameters of the system are based on the month average values. The adiabatic efficiency of chillers 
calculated are 0.82 of Jan 2008 and 0.826 of Jul 2007. 
5.3 Resule of exergy analysis 
Tables 5 and 6 show that exergy destruction occur on the site of water transports and chillers. The 
condensers and evaporator are main exergy destruction parts and lowest exergy efficiency, because of the 
higher approach temperature between inlet and outlet of the chillers.  
TABLE II.  ELECTRICAL CONSUMPTION˄KWH/M2-MONTH˅ 
month Well pumps User pumps Cycle pumps Chillers System 
2007-7  0.65  0.95  0.13  3.29  5.02  
2008-1  0.54  0.83  0.12  3.10  4.59  
TABLE III.  SYSTEM PARAMETERS IN JUL 2007 
`Fluid Position 
Temperature 
ć   
Special enthalpy 
kJ/kg 
Special entropy 
kJ/kg-K 
Refrigerant 1 -1.0  405.0  1.753  
2 69.9  442.2  1.773  
3 42.4  252.9  1.177  
4 -1.0  252.9  1.195  
Water 
(user side) 
5 12.4  51.8  0.185  
5a 12.2  51.0  0.183  
6 9.2  38.6  0.139  
6a 9.4  39.4  0.142  
Water 
(cycle side) 
7 24.9  104.1  0.365  
8 32.2  134.7  0.466  
Groundwater 9 23.1  96.9  0.340  
10 26.5  111.1  0.388  
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TABLE IV.  SYSTEM PARAMETERS IN JAN 2008 
`Fluid Position 
Temperature
ć   
Special enthalpy
kJ/kg 
Special entropy 
kJ/kg-K 
Refrigerant 1 4.7  407.1  1.745  
2 81.2  446.0  1.764  
3 53.2  267.7  1.221  
4 4.7  267.7  1.244  
Water 
(user side) 5 40.5  169.8  0.579  
5a 40.5  169.6  0.579  
6 44.5  186.3  0.632  
6a 44.5  186.5  0.632  
Water 
(cycle side) 7 21.7  90.7  0.319  
8 16.9  70.9  0.252  
Groundwater 9 22.0  92.3  0.325  
10 18.6  78.1  0.276  
TABLE V.  EXERGY EFFICIENCY AND EXERGY DESTRUCTION OF THE SYSTEM  
components and system  
Cooling Jul 2007 Heating Jan 2008 
exergy destruction
kJ/s   exergy efficiency
exergy destruction 
kJ/s   exergy efficiency 
Plate heat exchanger 11.4  0.21  4.5  0.89  
Condenser 45.5  -0.07 26.2  0.80  
Throttle 26.2  ---- 26.6  ---- 
Compressor  29.1  0.84  23.1  0.86  
Evaporator 34.1  0.59  29.5  0.21  
System 157.6  0.19  105.1  0.50  
TABLE VI.  SYSTEM EXERGY TRANSPORTS (KJ/S)  
Season 
Income exergy of enthalpy 
Income exergy of power 
Export exergy of enthalpy
Ground water Chillers 
Well 
pumps 
User 
pumps 
Cycle 
pumps Cold /hot water 
Cooling 
Jul 2007 14.5  180.5  35.5  52.3  7.3  48.6  
Heating  
Jan 2008 41.7  170.0  29.7  45.6  6.5  101.9  
 
The approach temperature between inlet and outlet of the chillers are condensers 10.3ć/ evaporator 
10.2ć in summer, condensers 8.7ć/ evaporator 12.2ć in winter. As a reference,5ćof approach 
temperature between inlet and outlet of the chillers is max value of recommended in [9]. 
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Conclusion 
In the paper, long-term performance of a GWHP system was investigated in both seasons, heating and 
cooling, from June 2007 to February 2008. Measurements have provided a considerable amount of 
information about the system performance. A energy and exergy analysis are presented to show the 
performance of the system. The main conclusions drawn from the results of the present study are as 
follows: 
1˅The COP values of the chillers and system are, 4.1 (cooling)/ 4.57 (heating) and 2.68 (cooling)/ 
3.1 (heating), respectively. 
2˅In comparison to other components, The condensers and evaporator of the chillers are lowest 
efficiency in terms of exergy destruction, because of the higher approach temperature between inlet and 
outlet of the chillers.  
3) Groundwater supply some exergy to building in both season. In winter, exergy from groundwater 
are more valuable, when the groundwater temperature is higher 20ć than outdoor air temperature. 
4) GCHP is more efficiency than air source heat pump. 
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